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(54) METHOD FOR MANUFACTURING OPTICAL WAVEGUIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing an optical waveguide in which the 
waveguide is hardly damaged during releasing. 
SOLUTION: The method for manufacturing an optical 
waveguide includes a process of applying and hardening 
a resin on a first recessed die to form a second 
protruding die, a process of applying and hardening a 
resin on the second protruding die to form a first clad 
having a recess to be used as a core pattern, a process 
of releasing the second protruding die, a process of 
applying and hardening a resin on the recess as the core 
pattern to form the core, and a process of further 
applying and hardening a resin to form a second clad. <c> 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A manufacturing method of an optical waveguide which ****(ed) a core by a clad 
characterized by comprising the following. 
A process of producing the 1st concave. 

A process of making this 1st concave applying and hardening resin, and producing the 2nd 
convex shape. 

A process of forming the 1st clad that has a crevice which makes this 2nd convex shape 
applying and hardening resin, and serves as a core pattern. 

A process of exfoliating this 2nd convex shape, a process of making a crevice used as this 
core pattern applying and hardening resin, and forming a core, and a process of applying and 
stiffening resin further and forming the 2nd clad. 

[Claim 2]A manufacturing method of an optical waveguide which ****(ed) a core by a clad 
characterized by comprising the following. 
A process of producing the 1st convex shape. 

A process of making this 1st convex shape applying and hardening resin, and producing the 
2nd concave. 

A process of making this 2nd concave applying and hardening resin, and forming a core 
pattern. 

A process of applying and stiffening resin and forming the 1st clad, a process of exfoliating this 
2nd concave, and a process of applying and stiffening resin further and forming the 2nd 
cladding layer. 

[Claim 3]A manufacturing method of the optical waveguide according to claim 1 or 2, wherein a 
core pattern of the 1st concave of the above or a convex shape has a slanting side and carries 
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out the simultaneously form of the slanting mirror at the time of core pattern formation. 
[Claim 4]A manufacturing method of an optical waveguide of claims 1-3, wherein the 2nd mold 
of the above is silicone or fluororesin. 

[Claim 5]A manufacturing method of an optical waveguide given in four from claim 1 , wherein 
the above-mentioned core and the 1st clad are epoxy. 

[Claim 6]A manufacturing method of an optical waveguide given in four from claim 1, wherein 
the above-mentioned core and the 1st clad are fluorinated polyimide. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the manufacturing method of an optical 

waveguide. 

[0002] 

[Description of the Prior Art]ln recent years, the optical fiber which can transmit a signal at high 
speed with large scale in a communicative field is replacing metal electric wires, and the 
optical fiber is already installed in what is called a trunk system. An optical fiber consists of a 
portion called the portion called a core layer with a high refractive index, and a cladding layer 
with a low refractive index which has covered the periphery, and a lightwave signal is spread 
by low-loss, being shut up into a core. 

[0003]ln optical communications, although functions, such as multiplexing/demultiplexing of a 
lightwave signal or a wavelength division, and switching, are needed, the device which carries 
out multiplexing/demultiplexing mechanically or switches is used now. In such a device, it is 
difficult to deal with a miniaturization and the demand of the device integrated more is 
increasing in future mass transmission. 

[0004]The trial in which the device integrated more will be developed to such a demand using 
an optical waveguide is made. The composition of the optical waveguide is laid under the 
cladding layer in which the core layer which a lightwave signal spreads like an optical fiber 
confines a lightwave signal. Although it is common as a component of an optical waveguide 
that quartz is used, these days, large-area-izing is possible, it is easy to process it, and the 
polymer optical waveguide which is low cost attracts attention. As a material of polymer, 
polyimide resin, polycarbonate resin, an epoxy resin, silicon resin, etc. are put in practical use. 
[0005]The formation method of a core pattern can be produced in exposure and a 
development, when a metal mask is formed, and it produces by dry etching with 
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photolithography technique or photosensitivity is given to core materials. For this reason, since 
core wiring can be formed based on the pattern of a photo mask, the flexibility of that design 
becomes high. 

[0006]However, dry etching is the method being time and that it is time-consuming including 
vacuum suction etc., and it is not fit for mass production. Then, the method of using a mold is 
proposed. For example, the method of producing the 2nd uneven type with metal is indicated 
by JP,9-189818,A, using fluorinated polyimide as 1st uneven type. Although production of the 
waveguide was possible by these methods, formation of the complicated pattern was difficult. 
It originates in that there is rigidity of a mold, and the coefficients of thermal expansion of a 
waveguide and a mold differing remarkably. Namely, when a mold has rigidity, modification of 
waveguide material is required at the time of exfoliation, and waveguide material contracts 
according to thermal expansion coefficient difference at the time of exfoliation. By these, 
waveguide material tended to receive damage. 
[0007] 

[Problem(s) to be Solved by the lnvention]This invention was made in view of the fault of the 
starting conventional technology, and makes it a technical problem to provide the 
manufacturing method with which an optical waveguide cannot receive damage easily at the 
time of exfoliation. 
[0008] 

[Means for Solving the Problem]ln this invention, in order to attain the above-mentioned 
technical problem, first an invention of claim 1, A process of being a manufacturing method of 
an optical waveguide which ****(ed) a core by a clad, and producing the 1st concave, A 
process of making this 1st concave applying and hardening resin, and producing the 2nd 
convex shape, A process of forming the 1st clad that has a crevice which makes this 2nd 
convex shape applying and hardening resin, and serves as a core pattern, It is considered as a 
manufacturing method of an optical waveguide including a process of exfoliating this 2nd 
convex shape, a process of making a crevice used as this core pattern applying and hardening 
resin, and forming a core, and a process of applying and stiffening resin further and forming 
the 2nd clad. 

[0009]A process of an invention of claim 2 being a manufacturing method of an optical 
waveguide which ****(ed) a core by a clad, and producing the 1st convex shape, A process of 
making this 1st convex shape applying and hardening resin, and producing the 2nd concave, A 
process of making this 2nd concave applying and hardening resin, and forming a core pattern, 
It is considered as a manufacturing method of an optical waveguide including a process of 
applying and stiffening resin and forming the 1st clad, a process of exfoliating this 2nd 
concave, and a process of applying and stiffening resin further and forming the 2nd cladding 
layer. 
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[001 0]A core pattern of the 1st concave of the above or a convex shape has a slanting side, 
and claim 3 is taken as a manufacturing method of the optical waveguide according to claim 1 
or 2 carrying out the simultaneously form of the slanting mirror at the time of core pattern 
formation. 

[001 1]Claim 4 is taken as a manufacturing method of an optical waveguide of claims 1-3, 
wherein the 2nd mold of the above is silicone or fluororesin. 

[0012]Claim 5 is taken as a manufacturing method of an optical waveguide given in four from 

claim 1, wherein the above-mentioned core and the 1st clad are epoxy. 

[0013]Claim 6 is taken as a manufacturing method of an optical waveguide given in four from 

claim 1, wherein the above-mentioned core and the 1st clad are fluorinated polyimide. 

[0014] 

[Embodiment of the lnvention]Hereafter, it explains about an embodiment of the invention, 
referring to drawings. 

[0015]The case where a concave is used is first explained as the 1st mold using drawing 1. 
The 1st concave 1 1 has a crevice used as a core pattern, and can use a metal concave, a 
resin concave, etc. (drawing 1 (a)). In order to carry out the simultaneously form of the slanting 
mirror part 16, it becomes the structure of an intaglio of having a slanting side. As an example 
of representation of a metal concave, a metal mold which is used for concave printing has a 
thing made to sculpture into and corrode. There are the method of passing the method and 
photo mask which copy a resin intaglio from a metal convex shape as a resin concave, 
hardening and developing a photopolymer, and forming the 1st concave 11, etc. 
[0016]The 2nd convex shape is formed using this 1st concave 11. The 2nd convex shape 12 is 
produced by copying from the 1st concave (drawing 1 (b)). The material of the 2nd convex 
shape 12 that has mobility A doctor blade coat, a roll press, It is producible by applying to a 
crevice by methods, such as a common press, screen-stencil, a roll coat, and a spin coat, 
hardening this by methods, such as evaporation hardening, 2 liquid hardening, heat curing, 
ultraviolet curing, electron beam hardening, and X ray hardening, and exfoliating this. It is also 
possible to lose air bubbles by carrying out vacuum defoaming after spreading in a vacuum 
and spreading etc. The 2nd convex shape 12 has low rigidity, and it is preferred that the 
detachability from the 1st concave 1 1 uses the construction material of good silicone, 
fluororesin, etc. Detachability and transfer nature can be improved also by making rigidity of a 
mold low. In order to improve detachability, it can also perform coating the surface with resin of 
a silicone series and a fluorine system to the 1st concave 1 1 by methods, such as a spray. 
[0017]Next, the 1st clad 13 that has a crevice which makes the 2nd convex shape 12 apply 
and harden resin, and serves as a core pattern is formed (drawing 1 (c)). The method used 
when copying the 2nd convex shape 12 from the 1st concave 1 1 mentioned above as this 
method, and the same method can be taken. The material of the 1st clad 13 that has mobility, 
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or its precursor Namely, a doctor blade coat, It is producible by applying to a crevice by 
methods, such as a roll press, a common press, screen-stencil, a roll coat, and a spin coat, 
hardening this by methods, such as evaporation hardening, 2 liquid hardening, heat curing, 
ultraviolet curing, electron beam hardening, and X ray hardening, and exfoliating this. As a 
material of the 1st clad, it is preferred to use epoxy and fluorinated polyimide. 
[0018]After producing metal to a mirror part, the 1st clad 13 that has a crevice used as a core 
pattern is made to apply and harden resin, and the core 14 is formed (drawing 1 (d)). The 
method used when copying the 2nd convex shape 12 from the 1st concave 1 1 mentioned 
above also here, and the same method can be taken. As a material of a core, it is preferred to 
use an epoxy resin and fluorinated polyimide. 

[0019]The 2nd clad 15 is formed on this (drawing 1 (e)). By these processes, the optical 
waveguide which ****(ed) the core by the clad can be formed. 

[0020]Next, the case where a convex shape is used is explained as the 1 type using drawing 
2. The 1st convex shape 21 has the heights used as a core pattern (drawing 2 (a)). The 
construction material, structure, and a manufacturing method can be made to be the same as 
that of the 1st concave mentioned above. The 2nd concave is formed using this 1st convex 
shape 21 . The 2nd concave 22 is producible by copying from the 1st convex shape (drawing 2 
(b)). Also in the construction material, structure, and a manufacturing method, it can be made 
to be the same as that of the 1st concave mentioned above. 

[0021]Next, the 2nd concave 22 is made to apply and harden resin, and a core is formed 
(drawing 2 (c)). The method used when copying the 2nd convex shape 12 from the 1st 
concave 11 mentioned above as this method, and the same method can be taken. The 
material of the core 23 which has mobility, or its precursor Namely, a doctor blade coat, It is 
producible by applying to a crevice by methods, such as a roll press, a common press, screen- 
stencil, a roll coat, and a spin coat, hardening this by methods, such as evaporation hardening, 
2 liquid hardening, heat curing, ultraviolet curing, electron beam hardening, and X ray 
hardening, and exfoliating this. As a material of a core, it is preferred to use epoxy and 
fluorinated polyimide. 

[0022]After forming a core, resin is applied and stiffened and the 1st clad 24 is formed 
(drawing 1 (d)). The 1st clad is produced by forming a solid layer on the 2nd concave 22 in 
which the core was formed. These manufacturing methods include a doctor blade coat, a roll 
press, a common press, screen-stencil, a roll coat, a spin coat, etc. like former. A core and the 
1st clad can be formed by exfoliating the 2nd concave 22. 

[0023]Next, after producing metal to a mirror part, the 2nd clad 25 is formed on a core (drawing 
1 (e)). By these processes, the optical waveguide which ****(ed) the core by the clad can be 
formed. 
[0024] 
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[Example]Below, a concrete example explains this invention. This invention is not limited to the 
example mentioned later at all. 

[0025]The 1st concave was produced to <Example 1> beginning. The 1st concave stuck the 
dry film resist (NIT225, product made from Japanese Synthetic chemistry) of 25-micrometer 
thickness with the heat laminating machine on the glass substrate, exposed this by 150 

mJ/cm 2 , and produced it by carrying out spray development in 1 wt% of sodium carbonate. The 
portion equivalent to a slanting mirror was produced by carrying out the concentration change 
of the dark space of the mask used at the time of exposure in inclination. Next, a doctor blade 
is used for this 1st concave, and 2 liquid hardening type silicone rubber was embedded, and 
was made to heat-harden. The 2nd convex shape was produced by exfoliating from the 1st 
concave after hardening. 

[0026]Next, the precursor (polyimide OPI-N3305, Hitachi Chemical Co., Ltd. make) of the 1st 
clad was applied with the spin coat on the 2nd convex shape. After carrying out temporary 
hardening of this at 200 **, it exfoliated from the 1st cladding layer and the silicone rubber 
version which is the 2nd convex shape was made to imide-ize at 350 **. Next, after carrying 
out the weld slag of the Cr to a mirror part, the precursor (polyimide OPI-N3405, Hitachi 
Chemical Co., Ltd. make) of the core layer was applied to the crevice of the 1st clad with the 
spin coat method, and portions other than a crevice were removed by carrying out ashing of 
the whole after heat curing. After forming the 1st cladding layer and a core layer, the 2nd 
cladding layer was applied with the spin coat method. Finally, the optical waveguide was 
obtained by imide-izing at 350 **. 

[0027]The 1st concave was produced to <Example 2> beginning. The plate-like metal concave 
was used for the 1st concave. Pattern formation of the concave was carried out by the dry film 
resist on the copper plate, and it was produced by etching this with an ferric chloride solution. 
Chrome plating was given to the surface in order to raise the intensity of a version. Room 
temperature setting of the 2 liquid hardening type silicone rubber was embedded and carried 
out to this 1st metal concave in the roll press. The 2nd convex shape was produced by 
exfoliating from the 1st concave after hardening. 

[0028]Next, the ultraviolet curing type epoxy resin used as the 1st clad was applied to the 2nd 
convex shape with the spin coat method. After stiffening this by irradiating with the ultraviolet 

rays of 2000 mJ/cm 2 , the silicone rubber version which is the 2nd convex shape was exfoliated 
from the 1st cladding layer. Next, the ultraviolet curing type epoxy resin used as a core layer 
was formed in the crevice of the 1st clad by the doctor blade method and UV irradiation. After 
forming the 1st cladding layer and a core layer, the 2nd cladding layer was applied with screen 
printing. The optical waveguide was obtained by carrying out UV irradiation to the last. 
[0029]The 1st convex shape was produced to <Example 3> beginning. The 1st convex shape 
formed the dry-film-resist (NIT225, product made from Japanese Composition Science) layer 
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of 25-micrometer thickness on the glass substrate, exposed this by 150 mJ/cm , and produced 
it by carrying out spray development in 1 wt% of sodium carbonate. The portion equivalent to a 
slanting mirror was produced with laser processing. Next, a spin coat is used for this 1st 
convex shape, and fluororesin (AFURON, Asahi Glass Co., Ltd. make) was embedded, and 
was made to heat-harden. The 2nd concave was produced by exfoliating from the 1st convex 
shape after hardening. 

[0030]Next, the ultraviolet curing type epoxy resin used as a core layer was embedded with the 
doctor blade at the 2nd concave, and UV curing was carried out to it. UV curing of the UV 
curing type epoxy resin which moreover serves as the 1st clad with a spin coat method was 
applied and carried out. Next, the fluororesin type which is the 2nd concave was exfoliated 
from this core layer and the 1st cladding layer. After carrying out the weld slag of the Cr to a 
mirror part, the 2nd cladding layer was produced with the spin coat method on this. The optical 
waveguide was obtained by carrying out UV irradiation to the last. 
[0031] 

[Effect of the lnvention]According to the manufacturing method of an optical waveguide by this 
invention, an optical waveguide layer can be formed, without using processes, such as dry 
etching. Since the 2nd mold consists of resin, the damage at the time of exfoliation can be 
suppressed, and the yield can be raised. 
[0032] 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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